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Risk of New Hospitalization Post-COVID-19
Infection for Non-COVID-19 Conditions

Arch G. Mainous III, PhD, Benjamin J. Rooks, MS, and Frank A. Orlando, MD

Introduction: Reports of post-acute sequelae of COVID-19 continue to emerge, but it remains unclear how the
severity of a patient’s COVID-19 infection affects risk for future hospitalizations for non-COVID-19 problems.

Methods: An analysis of electronic health records (EHR) was performed for a cohort of 10,646
patients who were followed for 6 months post-COVID-19 episode at 1 health system. COVID-19-positive
patients were classified as severe if they were hospitalized within the first 30 days of their initial posi-
tive test. Assessment of hospitalizations overall and conditions that could be seen as complications of
COVID-19 (cardiovascular, respiratory, and clotting diagnoses) was assessed. The 6-month risk of a
new hospitalization was assessed in both unadjusted and adjusted Cox regressions.

Results: Of the 10,646 patients included in this cohort,114 had severe COVID-19, 211 had mild/
moderate COVID-19, and 10,321 were COVID-19 negative. After adjustment for potential confounding
variables, there was no significantly increased risk in future hospitalization for any condition for
patients who were COVID-19 positive versus those who were COVID-19 negative (HR, 1.31; 95% CI,
0.98-1.74). In adjusted analyses, individuals with severe COVID-19 had an increased risk of hospitali-
zation for potential complications compared with both mild/moderate COVID-19 (HR, 2.20; 95% CI,
1.13-4.28) and COVID-19 negative patients (HR, 2.24; 95% CI, 1.52-3.30).

Discussion: Patients with a severe COVID-19 episode were at greater risk for future hospitaliza-
tions. This study reinforces the importance of preventing infection in patients at higher risk for severe

COVID-19 cases. (J Am Board Fam Med 2021;34:907-913.)
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Introduction

By April 2021, Coronavirus disease 2019 (COVID-19)
has resulted in over 133 million cases and 2.8 million
deaths worldwide, with more than 30 million cases and
560,000 deaths in the United States alone." The clinical
spectrum of COVID-19 infection ranges from asymp-
tomatic infection to severe disease requiring admission
to intensive care and even death. Examples of risk
factors for severe COVID-19 include hypertension, di-
abetes, and obesity.” Millions of people globally have
“recovered.” Recovery from COVID-19 is variable,
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and the post-acute complications can affect multiple
organ systems and persist for many months.” Many
individuals experience persistent symptoms that impact
their health-related quality of life, with some even
reporting post-traumatic stress disorder.”

Severe complications like post-acute thrombosis,
respiratory failure, and cardiac and vascular damage
may increase the likelihood of future morbidity and
mortality in recovered COVID-19 patients.* " The
data from cohort studies investigating these long-term
complications post COVID-19 infection is quite lim-
ited, and studies mainly focus on complications
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leading to readmission rather than post-acute compli-
cations.!'™"* Therefore, it is unclear if the likelihood
of future hospitalizatdon for non-COVID-19 condi-
dons is greater in post-COVID-19 patients than
COVID-19-negative patients.

We investigated post-COVID-19 hospitalizations
for specific non-COVID-19 conditions that also rep-
resent the common acute complications of severe
COVID-19. We studied a longitudinal cohort of
patients who tested either positive or negative for
COVID-19 as determined by polymerase chain reac-
tion (PCR) testing within a large health care system.

Methods

The data for this project comes from a deidentified
research databank containing electronic health records
(EHR) of patients tested for or diagnosed with
COVID-19 in any setting in the University of Florida
(UF) Health system. Usage of the databank for
research is not considered human subjects research,
and IRB review was not required to conduct this study.

Definition of Cohort
The cohort for this study consisted of all adult
patients aged 18 years and older who were tested for
COVID-19 between January 1, 2020, and July 5,
2020, within the UF Health system, in any encounter
type (ambulatory, emergency department [ED], inpa-
tient, etc). The databank contained EHR data for all
patients in the current cohort through December 30,
2020. COVID-19 diagnosis was validated by PCR.
Baseline dates for COVID-19-positive patients were
established at the date of their earliest recorded PCR-
confirmed positive COVID-19 test, and baseline for
COVID-19-negative patients was assessed at the ear-
liest recorded negative COVID-19 test. Each patient
was only included once in the analysis. For patients
with multiple COVID-19 tests, if at least 1 test gave a
positive result, the patient was classified as COVID-
19 positive, and the date of their earliest positive
COVID-19 test result was used as their baseline date.
For patients with multiple COVID-19 tests that were
all negative, the patient was classified as COVID-19
negative, and the date of their earliest negative
COVID-19 test results was used as their baseline
date. Patients were tested in the context of seeking
care for COVID-19; the tests were not part of general
screening and surveillance.

Only patients with at least 180 days of follow-up
time after their baseline date were retained in the

cohort. Patients with more than 180 days of follow-
up were censored at 180 days. Mortality data were
available in the databank, and patients who died
within their 180-day window were included in the
analysis and censored at the date of their recorded
death. Mortality data were obtained from both
patient electronic health records and the Social
Security Death Index.

COVID-19-positive patients were also catego-
rized as having had either a severe or mild/moderate
COVID-19. Patients seen only in an outpatient set-
ting were classified as having mild/moderate
COVID-19, while those hospitalized for any reason
during their first 30 days of follow-up were classified
as severe. The cohort was also censored for 30 days
after baseline in the COVID-19 negative patients or
until 30 days post-hospital discharge for the severe
COVID-19 patients to ensure that health care utili-
zation was post-acute and not part of the initial
COVID-19 episode of care (eg, readmission).

Outcome Variables

Based on previous literature regarding organ sys-
tems affected by COVID-19 and likely complica-
tions, outcomes were determined as the occurrence
of hospital admission for a cardiovascular, respira-
tory, or clotting disorder-related diagnosis.*'° The
targeted hospitalizations investigated as cardiovas-
cular outcomes were myocardial infarction, heart
failure, and stroke. The respiratory hospitalizations
were pneumonia, hypoxemia, and acute respiratory
distress syndrome. The clotting disorder hospital-
izations were deep vein thrombosis, venous throm-
boembolism, and pulmonary embolism.

The International Classification of Diseases, Tenth
Version (ICD-10) codes used to define these out-
comes are given in Table 1. Outcomes were
assessed as hospitalization for any of these causes
and by category. In the combined analysis, the ear-
liest occurrence of admission for a cardiovascular,
respiratory, or clotting disorder complication was
used for patients who experienced multiple hospi-
talizations during the follow-up time frame.

Because COVID-19 may lead to hospitalizations
for other causes than just the ones we have identi-
fied that have a plausible mechanism, we also exam-
ined hospitalizations for any cause. In the all
hospitalizations analysis, a patient could have had
any diagnosis associated with their hospitalization,
including those not listed in Table 1.
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Table 1. Diagnosis Codes for Analyzed Outcomes and
Comorbidities

Outcome conditions ICD-10/ICD-9 Codes

Cardiovascular Diagnoses
Heart failure 121

Myocardial infarction 150,111.0,113.0,113.2

Stroke G46, 163, 169
Respiratory Diagnoses
Pneumonia J12,J13,]J15,]J16,]J17,J18,
J82,]84
Acute respiratory distress J80, J96
syndrome
Hypoxemia R09.02
Clotting Diagnoses
Deep vein thrombosis/ Q26,182

Venous thromboembolism

Pulmonary embolism 126,174,182, J81.1

Comorbidities
110, 401

E11.0,E11.2, E11.3, E11.5,
El11.6,E11.8, E11.9,
F11.40, E11.41, E11.43,
E11.44, E11.49, 250.00,
250.02, 250.2, 250.3,
250.4, 250.5, 250.6, 250.7,
250.8, 250.9

J43,]44,J45,491.2, 492, 493

Hypertension
Diabetes mellitus

COPD/Asthma

COPD, chronic obstructive pulmonary disease; ICD-10/ICD-
9, International Classification of Diseases, Tenth Version and
Ninth Version.

Comorbidities

Comorbidities and demographic variables which
could potentially confound the associations between
mild/moderate COVID-19, severe COVID-19, and
no COVID-19 and the risk of hospitalization for
post-acute COVID-19 complications were collected
at baseline for each member of the cohort.
Demographic variables included patient age, race, eth-
nicity, sex, and insurance status. Comorbidities
included hypertension, chronic obstructive pulmonary
disease (COPD)/asthma, diabetes mellitus, and over-
weight/obesity. Hypertension, COPD/asthma, and
diabetes mellitus were determined using ICD-9/10
codes (Table 1), and a patient’s status as overweight/
obese was determined using weight and height meas-
urements available in the EHR. Body mass index
(BMI) in kg/m” was recorded at baseline or the closest
available measurement in time.

Analysis
Hazard ratdos for the risk of hospitalization for
post-acute COVID-19 complications by COVID-

19 status were determined using Cox proportional
hazard models. We obtained hazard ratios for hos-
pital admissions based on COVID-19 diagnosis cat-
egory, using COVID-19 negative status as the
reference. These analyses were then modified to
control for age, sex, race, insurance status, and
comorbidities. The proportional hazards assump-
tion was confirmed by inspecting the Schoenfeld
residual plots for each variable included in the mod-
els and testing the time-dependent B coefficients.
Analyses were conducted using the survival package
in Rv4.0.3.

Results

A total of 10,646 patients were included in the final
cohort. The characteristics of the sample split into
the 3 groups of (a) mild/moderate COVID-19, (b)
severe COVID-19, and (c) negative COVID-19 is
shown in Table 2. Figure la presents the Kaplan-
Meier curves comparing the risk of hospitalization
for all conditions between all patients who were
COVID-19 positive and those who were COVID-
19 negative. Using Cox regression, the hazard ratio
for the risk of hospitalization for any condition
among those who were COVID-19 positive was
not significantly increased in comparison to those
who were COVID-19 negative (HR, 1.10; 95% CI,
0.84-1.45). After adjustment for potential con-
founding variables, the results still indicated no sig-
nificantly increased risk in future hospitalization for
any condition for patients who were COVID-19
positive versus those who were COVID-19 negative
(HR, 1.31;95% CI, 0.98-1.74).

Figure 1b shows a Kaplan-Meier curve of the
unadjusted survival probabilities for hospitalizations
over time between the severe COVID-19 group
and the negative COVID-19 group. The risk of
hospitalization post-COVID-19 infection is pre-
sented in Table 3. In the unadjusted analyses, severe
COVID-19 infection has a significantly increased
risk compared with those with no COVID-19.
Although the unadjusted analyses suggest that mild/
moderate COVID-19 may have a decreased risk for
experiencing a post-acute hospitalization for any
condition compared with no COVID-19, the effect
is no longer significant after adjustment for poten-
tial confounding variables. In adjusted analyses,
severe COVID-19 has a significantly increased risk
of hospitalization compared with the patients who
were COVID-19 negative. Further, the severe

doi: 10.3122/jabfm.2021.05.210170 Hospitalization Post-COVID-19 Infection for Non-COVID-19 Conditions 909

1ybuAdoo
Aq pa1oalo.d 1senb Aq G20z AN TT uo /Blo wigel mmm//:dny woly papeojumod "TZ0z Jequeidss LT uo 0.T0TZ S0 T20Z Wigel/zzTe 0T Se paysiignd 1siy :psN wed pJeog wy [


http://www.jabfm.org/

Table 2. Characteristics of the COVID-19-Positive and COVID-19-Negative Patients in the Cohort

Total Severe COVID-19 Mild/Moderate COVID-19 No COVID-19
(N = 10,646) (N=114) (N =211) (N = 10,321) P oaluct
n (%) n (%) n (%) n (%)
Any hospitalization 1626 (15.3) 34 (29.8) 18 (8.5) 1574 (15.3) <.001
Combined group of 891 (8.4) 27 23.7) 14 (6.6) 850 (8.2) <.001
hospitalizations
Cardiovascular 637 (6.0) 21(18.4) 94.3) 607 (5.9) <.001
hospitalizations
Respiratory 491 (4.6) 17 (14.9) 7(3.3) 467 (4.5) <.001
hospitalizations
Clotting 195 (1.8) 8 (7.0) 2(0.9) 185 (1.8) <.001
hospitalizations
Male 4329 (40.7) 47 (41.2) 79 (37.4) 4203 (40.8) 626
Non-Hispanic White 6713 (63.1) 46 (40.4) 96 (45.5) 6571 (63.7) <.001
Non-Hispanic Black 2560 (24.0) 55(48.2) 61 (28.9) 2444 (23.7) <.001
Hispanic 640 (6.0) 7(6.1) 28 (13.3) 605 (5.9) <.001
Age, years
18-29 1309 (12.3) 10 (8.8) 50(23.7) 1249 (12.1) <.001
30-44 2119 (19.9) 13 (11.4) 46 (21.8) 2060 (20.0) 059
45-64 3847 (36.1) 29 (254 75 (35.5) 3743 (36.3) .056
65 and older 3371 (31.7) 62 (54.4) 40 (19.0) 3269 (31.7) <.001
Insurance 10,312 (96.9) 114 (100.0) 194 (91.9) 10,004 (96.9) <.001
Diabetes mellitus 2820 (26.5) 64 (56.1) 45 (21.3) 2711 26.3) <.001
Hypertension 5719 (53.7) 89 (78.1) 88 (41.7) 5542 (53.7) <.001
COPD 3174 (29.9) 39 (34.2) 36 (17.1) 3099 (30.0) <.001
Overweight 2714 (25.5) 30 (26.3) 61 (28.9) 2623 (25.4) 504
Obese 3813 (35.8) 41 (36.0) 88 (41.7) 3684 (35.7) 197

COVID-19, Coronavirus disease 2019.
*Results from x” tests.

COVID-19 group had a significantly increased risk
of hospitalization compared with the mild/moderate
COVID-19 group in adjusted analyses. The mild/
moderate COVID-19 patients were not at increased
risk of future hospitalization compared with the
COVID-19 negative group.

Discussion

These results indicate a substantial impact on the
likelihood of severe post-acute COVID-19 sequelae
depending on the severity of the initial COVID-19
episode. Even though the results do not show that
COVID-19 infection increases the likelihood of
future hospitalization, the likelihood of hospitaliza-
tion 6months following a severe COVID-19 is
greatly increased above COVID-19 negative patients
and those who had mild/moderate COVID-19.
Importantly, mild/moderate COVID-19 patients did
not have significantly different risks for a subsequent
hospitalization than COVID-19-negative patients.

"This study adds to the accumulating literature of
post-acute sequelae following a COVID-19 infec-
tion. Other studies have focused on important but
less severe complications than hospitalization,
which was the focus of the present study.” Further,
the present study also provides evidence of compli-
cations of COVID-19 infection in comparison to
patients who were COVID-19 negative, allowing
an increased understanding of the impact of
COVID-19. According to the Centers for Disease
Control and Prevention, between August 1, 2020,
and April 5, 2021, there have been nearly 2 million
(>1,978,000) COVID-19 confirmed hospitaliza-
tions in the United States.'"* These numbers indi-
cate the large group of patients who are at
increased risk for a significant COVID-19 compli-
cation post-hospitalization. As we discuss flattening
the curve to decrease hospitalizations for COVID-
19, this data provides new evidence of the associa-
tion of COVID-19 with future hospitalizations that
would not be diagnosed or counted as COVID-19.
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Figure 1. a. Kaplan-Meier Curve Comparing All Hospitalizations Between COVID-19-Positive and COVID-19-

Negative Patients.
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The lack of a significantly increased risk of hos-
pitalization among mild/moderate COVID-19
patients is encouraging. Increased vaccination for
COVID-19 and mitigation strategies have played
roles in decreasing new cases, and these results ele-
vate the importance of vaccinating patients at risk
for severe COVID-19.

There are several limitations to this analysis that
need to be considered. First, the analysis was based
on patients seen in 1 health system with a regional
catchment area. Although more than 10,000 PCR-
based COVID-19 diagnoses were included in the
analysis, the study cohort may not represent the
patient population in other areas of the United
States. Second, we focused on hospitalizations as
our outcome of interest. We focused on hospitaliza-
tions as a priority outcome due to the gap in our
knowledge of downstream complications of
COVID-19 and the serious impact of hospitaliza-
tions on both the patient and the health system, but
other outcomes may exhibit different patterns.

Third, we are not able to determine the reasons that
patients chose to interact with our health system. It
is possible that asymptomatic patients who had not
been exposed to the virus sought a COVID-19 test
before traveling and were included in the analysis.
We were also unable to determine whether patients
were residents of a nursing home or long-term care
facility, potentially affecting the estimated hazard
ratios. Finally, the analyses comparing different se-
verity of COVID-19 may have been affected by lim-
ited sample sizes. It should be noted that statistically
significant effects were found for several outcomes
comparing mild/moderate to severe COVID-19.

In conclusion, COVID-19 has significant post-
acute sequelae. Patients with a severe episode of
COVID-19 have a significantly increased likelihood
of hospitalization over the next 6 months for condi-
tions other than COVID-19. These results rein-
force the importance of vaccination and mitigation
strategies for patients at high risk for a severe
COVID-19 episode.
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Figure 1. b. Kaplan Meier Curve Comparing Combined Hospitalizations Between Severe COVID-19-Positive and
COVID-19-Negative Patients.
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Table 3. Risk of Future Hospitalization by COVID-19 Status for Conditions Other than COVID-19

Hazard Ratios (95% CI)

Unadjusted

Adjusted*

Mild/Moderate
versus No

COVID-19

Severe versus

No COVID-19

Severe versus
Mild/Moderate
COVID-19

Mild/Moderate
versus No

COVID-19

Severe versus

No COVID-19

Severe versus
Mild/Moderate
COVID-19

Any hospitalization
Combined targeted
hospitalizations
Cardiovascular
hospitalization
Respiratory
hospitalization
Clotting

hospitalization

0.53 (0.33-0.85)
0.78 (0.46-1.33)

0.71 (0.37-1.37)
0.72 (0.34-1.51)

0.52 (0.13-2.09)

2.55 (1.82-3.58)
3.73 (2.54-5.48)

4.05 (2.62-6.25)
4.09 (2.52-6.64)

4.86 (2.39-9.86)

4.80 (2.71-8.50)
4.76 (2.50-9.08)

1.41 (0.73-2.72)
5.72 (2.37-13.78)

9.36 (1.99-44.08)

0.71 (0.44-1.17)
1.02 (0.59-1.76)

0.92 (0.46-1.86)
1.05 (0.50-2.23)

0.64 (0.16-2.60)

2.16 (1.53-3.04)
2.24 (1.52-3.30)

230 (1.48-3.57)
2.64 (1.62-, 4.31)

3.32 (1.62-6.80)

3.01 (1.66-5.48)
2.20 (1.13-4.28)

2.50 (1.10-5.66)
2.51 (1.03-6.07)

5.17 (1.09-24.50)

COPD, chronic obstructive pulmonary disease; COVID-19, Coronavirus disease 2019; CI, confidence interval.
*Models were adjusted for age, race/ethnicity, diabetes mellitus, hypertension, COPD, overweight/obesity, sex, and insurance status.
fCombined cardiovascular, respiratory, and clotting hospitalizations.
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